The Goddard High Resolution Spectrometer on the Hubble Space Telescope has been used to monitor, through eclipse, the C iv 1550-Â and He n 1640-Ä lines in the spectrum of the nova-like cataclysmic variable UX UMa. Previous work has suggested that the Civ line arises in an accretion disc wind. The HST data confirm this, in that the line shows a broad, asymmetric emission profile. However, superimposed on the emission are previously unsuspected narrow absorption components at the rest wavelengths of the doublet. The absorption disappears during the continuum eclipse, causing the net continuum-subtracted flux near line centre to increase by about 20 per cent during this time. The mid-eclipse line profile shows the classic asymmetric shape expected for a bipolar wind viewed edge-on.
INTRODUCTION
One of the least well-understood phenomena associated with the accretion disc in non-magnetic cataclysmic variables (CVs) is the mass outflow, or wind, that is observed at times of high mass accretion rate. The physical cause of the outflow has yet to be properly identified and there remains considerable uncertainty over the wind geometry and kinematics. However, the outflows undoubtedly modify our view of the accretion discs in these systems and may influence the binary evolution, so it is important that they are much better characterized than at present. Because winds are also known to be associated with accretion discs in other astrophysical settings (e.g. in young stellar objects of the FU Ori class: Kenyon & Hartmann 1989) , this problem assumes a more general significance.
As close binaries, cataclysmic variables provide the observer with the opportunity to use the companion star as a selective occulting 'disc' in highly inclined systems. Since the binary periods of cataclysmic variables typically fall in the range 2-10 h, eclipse durations are relatively short at well under an hour in most cases. High time-resolution photometric and spectroscopic eclipse observations in the optical band have for some time been exploited to study the two-dimensional appearance of CV accretion discs (Horne & Steining 1985; Young, Schneider & Shectman 1981) . The possibility of mapping the outflow geometry is offered by analogous observations performed in the ultraviolet, where the clearest spectroscopic signature of outflow is to be found in the stronger resonance line transitions (notably the Civ 1548,1551-Â doublet). However, only since the launch of the Hubble Space Telescope have such time-resolved ultraviolet observations been feasible -the much lower sensitivity of the International Ultraviolet Explorer instrument has prevented its use in this way.
In this paper we present the first sequences of ultraviolet high time-and high spectral-resolution observations to be obtained during eclipses of a mass-losing CV. The target chosen for this programme was the nova-like variable UX UMa. The data were obtained using the Goddard High Resolution Spectrometer (GHRS) on the HST. These reveal in detail the changing form of the Civ feature through eclipse and yield the first clear indication that the Hen 1640-Â line is also heavily contaminated by wind emission. We restrict ourselves, here, to a qualitative assessment of the impact of the data obtained and a preliminary comparison with models. In a subsequent paper we will compare the Civ data with more detailed theoretical simulations (Knigge et al., in preparation) . Our data also provide the opportunity to extract narrow-band eclipse light curves from the observations of the continuum adjacent to the target line profiles: these can be used to map the disc continuous light emission at much smaller disc radii than is feasible from optical light curves. A full discussion of this will also be deferred to a later paper (Baptista et al. 1995 ).
Context
Within the past 15 years, a large number of mainly lowdispersion IUE observations have been made of pon-magnetic CVs in their high state (dwarf novae in outburst and nova-like variables of the UX UMa type). Our present understanding of CV mass loss is derived mainly from these. This may be summarized as follows. In non-eclipsing systems, IUE observations have revealed broad blueshifted absorption in the resonance lines shadowing the bright UV continuum. The Civ feature is usually more clearly outflow-dominated than the profiles of the Si iv 1397-Â and Nv 1240-Â doublets. The observed maximum absorption blueshifts normally fall in the range 3000-6000 km s -1 , a fact that suggests the outflows responsible for these features begin close to the accreting white dwarfs (Cordova & Mason 1982) . In eclipsing systems where foreshortening reduces the apparent accretion disc area, the same transitions are observed as emission features superposed on a weakened continuum. The extent to which blueshifted absorption is suppressed in high-inclination systems has been put forward as evidence that the outflow geometry is somewhat bipolar (Drew 1987) , supporting earlier inferences of Cordova & Mason (1985) based on line widths.
Strikingly, IUE observations centred on deep ultraviolet continuum eclipses have shown that the resonance lines are barely eclipsed at all (King et al. 1983; Córdova & Mason 1985; Drew & Verbunt 1985) . The first reaction to this is to suppose that the 'size' of the line-forming region, the wind primarily, must be much larger than that of the ultraviolet continuum source seated in the inner accretion disc. However, simplified simulations of the changing appearance of the Civ resonance line profile during eclipse carried out by Drew (1987) showed that the apparent absence of a significant eclipse in the line flux can also be due to the companion star occulting a region of net line absorption at mid-eclipse, balancing any occultation of net emission regions. In this case, one might expect time-resolved eclipse observations to reveal changes in the line profile and its centroid wavelength depending on the kinematics and spatial distribution of the emitting and absorbing gas. Considerations such as these are illustrative of the way in which time-resolved, high spectral-resolution observations of wind-contaminated line profiles during eclipse may set constraints on the geometry of the line-forming region.
In the next section of this paper we describe the conduct of the observations. Contemporaneous low-dispersion /!/£ spectra demonstrate very clearly that the system was less luminous than its norm as documented by archive IUE spectra. In Section 3, we focus on the ultraviolet continuum light curves and those of the integrated C iv and He n lines. We then discuss in Section 4 the appearance of the spectral lines out of eclipse before going on in Section 5 to describe their evolution through eclipse. Section 6 critically compares the observations with simulations based on radial outflow. In so doing we show that the time has come to move on to more sophisticated models. The paper ends with a summary of the new insights gained.
OBSERVATIONS
The objective of this programme was to follow changes in the wind-formed line profiles through ultraviolet eclipses of a mass-losing CV ; thus the criteria to be satisfied by potential target systems were that they (i) should be non-magnetic nova-like variables (this yields a reasonable expectation of the target being in the appropriate high state at the time of observation), (ii) should show pronounced optical eclipses, (hi) should be located in a part of the sky where a complete eclipse can be contained within an uninterrupted HST observation (this criterion assumes importance because of the ~96-min low-Earth orbit of the satellite). UX UMa satisfies all three. Its orbital period is 0.196671 d and its optical light curve contains eclipses spanning ~0.1 of the orbital cycle or ~30 min from start to finish (Warner & Nather 1972) . This system was preferred over the more deeply eclipsing alternative, RW Tri, because its shorter eclipse duration was a better match to the maximum length of unbroken observation predicted to be feasible with HST Had 'Side A' of the HST GHRS been available for these observations, the instrument configuration of choice would have been the large aperture and G140L grating. This would have provided the optimum combination of sensitivity, wavelength coverage and spectral resolution (AÀ ^ 0.6 Â). In the event, however, it became necessary to use the G160M grating mounted in 'Side B' which offers greatly superior spectral resolution (ÁA ^ 0.07 Â) at the cost of reduced sensitivity and wavelength coverage. Indeed, centred on the C iv line, this configuration yields just 35 Â of spectrum. The full width at the base of the Civ emission feature, as measured from archived IUE low-dispersion observations, is about 27 Â. In view of this and the desirability of being able to define and track changes in the continuum adjacent to the line, it was decided to make observations at two overlapping wavelength settings (/l c = 1539 Â and À c = 1556 Â) so that the overall wavelength coverage could be expanded to ~52 Â. This traded the risk (JD 244 9010) . In each set, two consecutive eclipses of UX UMa were monitored and each eclipse observation was preceded by a short sequence of spectra near binary phase 0.6 taken during the previous HST orbit. Details of the observations are given in Table 1 . Throughout, the GHRS was operated in its 'rapid mode', beginning a new exposure every 5 s. Although our scheduling request was to centre the second sequence of spectra obtained at each acquisition on mid-eclipse, this slipped forward in operation to 0 ^ 0.95. The ultraviolet continuum eclipse light curves from each eclipse observation are shown in the middle panel of Fig. 1 . The ephemeris used to time these observations was Ted = 2420238.241 + N x 0.1966713 where N is in integer cycles. The period was taken from Kukarkin (1977) , while the epoch is that of Kukarkin corrected by -0.0017 d, being the phase offset derived from recent eclipse timings in Rutten, van Paradijs & Tinbergen (1992) and verified by our simultaneous optical photometry (see below; for a discussion of the time evolution of the UX UMa ephemeris see Rubenstein, Patterson & Africano 1991) .
The wavelength settings for the two contiguous cycles observed on JD 244 9007 were to either side of the C iv line. Inspection of the overlap between the two sets of spectra at common phases revealed no statistically significant alteration of the profile shape or flux level. The wavelength setting for the first of the JD 2449010 acquisitions was again centred on 1539 Â, to the blue side of the C iv line. A central wavelength of 1636 À was selected for the last acquisition in order to cover the Hen 1640-Â line.
The flux-and wavelength-calibrated GHRS spectra presented here are derived from the standard extraction supplied to us by the Space Telescope Science Institute. A small number of drop-outs in the data due to dead diodes in the detector have been removed by interpolation. To raise the S/N ratio to a useful level for analysis, the data have been rebinned in the wavelength and time dimensions by an amount which is indicated in the captions of relevant figures.
To gain a clearer picture of UX UMa's state at the time of the HST observations, we obtained one IUE short-wavelength low-dispersion spectrum on each of January 19 and 22. We also obtained optical R-filter CCD photometry coincident with HST observations 4 and 8, using the 0.9-m James Gregory Telescope (JGT) at the University Observatory, St Andrews (see Fig. 1 ). The two IUE spectra, which were timed to avoid eclipse phases, do not differ significantly. However, we show in Fig. 2 a comparison between the mean of these two and a mean of more typical out-of-eclipse spectra of UX UMa taken from the Uniform Low Dispersion Archive. It is plain that the ultraviolet continuum was about three-quarters its typical brightness at the time of the HST observation, whereas the emission lines were very much fainter (for example the Civ line was down by a factor of 3). While this reduces the statistical quality of the spectra obtained, there may be compensation in the form of a reduced optical depth through UX UMa's wind toward the accretion disc centre -in other words, there may have been a better view of the inner disc and wind geometry at the time of the HST observation because the system was fainter than usual.
In Fig. 3 a composite of HST observations 1, 3 and 7 is compared with the IUE spectrum obtained on 1993 January 19. The advantage of the improved spectral resolution of the HST observations is immediately apparent.
THE CONTINUUM AND INTEGRATED LINE FLUX LIGHT CURVES
The optical R-band eclipse light curves ( Fig. 1) are consistent with the white light observations of Warner & Nather (1972) . In these, the eclipse ingress begins at about phase 0.92, while there is a shoulder on the egress (believed to be due to occultation of the bright spot at the edge of the accretion disc) which delays the return to maximum light to phase ~0.1. In contrast the UV continuum eclipses, shown in the middle row of Fig. 1 , are narrower and symmetric, with ingress beginning at phase 0.96. Moreover the eclipse depth is very much greater in the UV than in the optical, the residual flux at mid-eclipse being no greater than 0.1 of the pre-eclipse light. This gives confidence that the white dwarf is eclipsed in this system.
The top row in Fig. 1 shows the integrated flux in the lines as a function of time. The first three panels show the light curves for Civ, while the fourth is of Hen. These are derived by integrating the spectrum across wavelength bands encompassing the line, and then subtracting the continuum contribution deduced from line-free segments of the spectrum. In each case the line flux increases slightly during the continuum eclipse. Particularly in the first pair of observations, which were made on JD 244 9007, there is evidence for a drop in the Civ line flux prior to continuum eclipse. This shows that during the HST observations the UV spectrum of UX UMa was less bright than usual.
OUT-OF-ECLIPSE LINE PROFILES
Our data sample the uneclipsed spectrum of UX UMa mainly in two orbital phase intervals, centred approximately on (¡) ~ 0.63 and </> ~ 0.92. The mean spectra of Civ and Hen corresponding to these phases are compared in Fig. 4 . The Civ doublet is a broad emission feature (FWHM ^ 2500 km s -1 ) on which are superimposed two sharper absorption components (FWHM ^ 300 km s -1 ). The separation of these absorption components is consistent with the intrinsic doublet splitting. There is just one central absorption feature superposed on the He n emission line profile (see Fig. 4 ), as expected since this transition is a singlet.
Orbital phase related changes away from eclipse
At Civ line centre and redwards there is markedly stronger emission at phase 0.92 than at phase 0.63. The continuum is also slightly brighter at phase 0.92. This prompted us to examine the difference spectrum obtained by subtracting the (¡) ^ 0.92 mean from the </> ^ 0.63 mean (shown in Fig. 5 ). It is intriguing that the difference in the C iv line has a P Cygni form. Qualitatively, it is a repeatable phenomenon in that the same pattern is seen in the data from both JD 2449007 and JD 2449010. We have also looked for the effect in the much weaker Hen 1640-Â line which, necessarily, yields a much noisier difference spectrum (Fig. 5 ). It probably is present there also.
These changes may be an aspect of the phenomenon reported by Schlegel, Honeycutt & Kaitchuk (1983) . They found that, when UX UMa was a little fainter than its norm, Hy developed a broad absorption feature at its base over the phase range 0.8-0.95, and that this was accompanied by a slight continuum 'hump'. The GHRS data provide evidence of a slight continuum brightening at the end of this phase range (earlier than ~0.9 is not covered) .and a more P Cygni-like form to the C iv profile (Fig. 5 ). This behaviour may amount to a further example of the widespread orbital phase-linked variation known from IUE observations of low-inclination systems (e.g. YZ Cnc: Drew & Verbunt 1988; Z Cam: Szkody & Mateo 1986) . The phasing fits in with the tentative pattern emerging from these observations, which is that the strongest blueshifted absorption is observed at phases falling in the range 0.6-0.9 (see Drew 1993 and references therein). All these phenomena may have some connection with the bright spot, mass transfer stream and related non-axisymmetric disc structure.
The Si n lines
There are two relatively sharp absorption lines due to Sin 1526.71 Â and Sin 1533.45 Â in the continuum shortward of C iv. These lines have a full width at half maximum of between (Table 2) . When the main absorption line is significantly redshifted we can distinguish a second, narrower component to the Sin 1526.71-Â line which is located within 0.1 Â of the rest wavelength. This feature is likely to be interstellar in origin. There is no equivalent component in the Sin 1533.45-Â line because this transition arises out of the 7 = 3/2 excited level of the ground state which will not be significantly populated at typical interstellar densities and temperatures (even in the favourable, but unlikely, case of Boltzmann equilibrium the 7 = 3/2 level will have ~0.05 the population of the ground 7 = 1/2 level for T = 100 K).
In Table 2 The upper panel is a composite of observing sequences 1 and 3, and 2 and 4 respectively, which were taken on consecutive orbital cycles of UX UMa on JD 244 9007. These pairs of observations were made with slightly different central wavelengths (see Table 1 ) about the Civ line. There is no significant difference between the data on the two orbital cycles in the region of overlap. They have thus been added and normalized in the central region of overlap to improve the signal-to-noise ratio, with a 3 Â wide linear ramp in the relative weights of the two spectra at the edge of the overlap region to avoid introducing artefacts into the summed spectrum. The lower panel shows data from observing sequences 7 and 8 which were centred on Hen. The rest wavelengths of the Civ doublet, Sin 21526-Â, Sin 21533-Â, and Hen lines are marked by vertical dashed lines. Wavelength bins of width 0.15 Â are used for the Civ data, and 0.2 Â for the He ii data. and 200 km s -1 (Schlegel et al. 1983 ; see also Shafter 1984) . However, on JD 2449010 the Si lines do not move significantly between phase 0.63 and phase 0.92, being centred at a velocity of +200 km s -1 in both instances (see Fig. 5 ; note that the interstellar line remains fixed also). Otherwise, however, the character of these lines (e.g. FWHM, equivalent width) is indistinguishable from their appearance on JD 2449007. There was no coverage of the post-eclipse region on JD 2449010.
EVOLUTION THROUGH ECLIPSE
To examine the evolution of the spectrum through eclipse we have assembled the data in phase bins of 0.01 and wavelength The most striking aspect of these data is the disappearance of the absorption features between phases 0.98 and 1.02 which correspond to the deepest portion of the continuum eclipse. This immediately suggests that the rise in the net flux of both the Civ and Hen lines during eclipse (Fig. 1) is largely due to the removal of this absorption component.
The mean spectrum between phases 0.98 and 1.02, the deepest part of the eclipse, is illustrated in Fig. 7 . Both the Civ and Hen line profiles are asymmetric; the blue wing of C iv extends to -2500 km s -1 while the red wing is truncated at about +1400 km s -1 . There is slight residual narrow absorption in the vicinity of the rest wavelengths of the Civ doublet. In the Hen data, which have lower signal-to-noise ratio, the blue wing is discernible to -1500 km s -1 , but the redward extent of the line is difficult to judge because of the lack of continuum coverage to the red. The asymmetrical appearance of both mid-eclipse line profiles is very much in accord with what we would expect from an accretion disc wind in a high-inclination system (see Section 5, and the synthesized line profiles in Drew 1987 and Mauche & Raymond 1987) . Moreover the very similar behaviour of the Civ and Hen lines amounts to strong evidence that the latter feature too contains a large wind-formed component, a fact which was previously unclear.
To highlight those parts of the line profile that undergo eclipse, we remove the contribution that remains visible at mid-eclipse from the spectral time sequence of Fig. 6 . Thus (Fig. 7) , subtracted. It is immediately apparent from this that excess emission remains on the red wing of certainly the Civ line after the eclipse spectrum is removed (possibly also the Hen line, but the signal-to-noise ratio is low). In other words, light on the red wing of the line is eclipsed, along with the narrow absorption components. In comparison, the eclipse-subtracted spectrum to the blue of the absorption components is relatively flat, indicating that the eclipse has relatively little effect on the blue wing of the line. These effects prompt us to examine the time-series data in more detail.
In Fig. 9 we plot separately the fluxes in the blue wing, centre and red wing of C iv as a function of time for each of our three Civ eclipse observations (2,4,6; observing sequences 4 and 6 did not cover sufficient of the red wing to warrant plotting these data). We can see from the figure that the flux in the blue wing of the line changes little during the eclipse, confirming the impression gained from Fig. 8 . In contrast, the line centre markedly exhibits the rise in flux caused by the loss of the absorption components. The flux increase amounts to ~ 1 x 10 -12 erg cm -2 s -1 , which is in reasonable agreement (~25 per cent) with the amount of flux absorbed by the narrow component of the C iv doublet in the pre-eclipse spectrum (the absorbed flux is difficult to measure very accurately since it sits on the emission component of the line). It is also clear from Fig. 9 that continuum eclipse is preceded by a gradual reduction in the flux of the line centre, starting as early as phase 0.9. The red wing is only adequately covered through eclipse in observing sequence 2, but this shows that the red wing flux remains more or less constant until about phase 0.95, just before continuum eclipse. It then begins to decline gradually (much more gradually than the continuum light), reaching a minimum at about phase 0.04, i.e. after the continuum mideclipse phase, before beginning to recover.
The C iv absorption components
A point of note is that the absorption features superposed on the C iv profile do not generally lie at the same velocity as the Si ii lines, nor do they undergo measurable velocity shifts at any phase (Table 2) . Reliable measurements of the line centroids of the C iv absorption doublet are difficult because they lie on a strong, variable emission component. However, their centroids may be viewed as consistent with the rest wavelength of the doublet in all our spectra. It is clear that in no case are they redshifted by the 200 km s -1 sometimes seen in the Si n lines. Fig. 10 illustrates that in the post-eclipse region (phase 0.03-0.06) the Civ absorption profile is more complex and shallower than in the pre-eclipse spectrum (phase 0.89-0.97). A comparison of the two suggests that the narrow doublet has an emission component post-eclipse, and that this is superposed on a broader absorption feature. The velocities of the emission doublet (if that is how the profile is to be interpreted) are consistent with the velocities of the doublet in absorption prior to eclipse (Table 2 ).
Absorption Une ecUpse
The continuum eclipse data from observations 2, 4 and 6 have been co-added in phase bins of width 0.0025 orbital cycles and are plotted thus in Fig. 11(a) . To investigate the behaviour of the central regions of the C iv line in more detail (second row of Fig. 9 ; 1545-1553 Â) we assemble them in the same way. The resulting light curve is then inverted, scaled so the amplitude of the eclipse transition matches that of the continuum, and superimposed on the continuum light curve in Fig. 11(a) . This shows that the continuum eclipse profile is very closely mirrored by the line flux. In both cases ingress and egress are resolved, and last about 0.01 orbital cycles. During eclipse the flux in both the continuum and line is essentially flat.
In Fig. 11 (b) the co-added light curves are expanded and compared with profiles expected for the eclipse of a white dwarf alone and of a uniform brightness disc of radius four and eight white dwarf radii. The observed continuum light curve can thus be seen to be reproduced adequately by the four-white-dwarf-radius disc model. A light curve dominated by the eclipse of the white dwarf is inconsistent with the data, but we cannot rule out a modest contribution (see discussion in Baptista et al. 1995) .
As shown in the previous section, the increase in line centre flux matches that contained within the absorption components of the Civ line outside eclipse. Hence, Fig. 11 implies that the absorption components are formed in material which uniformly overlies the UV continuum source, and that this region has an extent of ~4 white dwarf radii.
A MODEL AND OBSERVATION COMPARED
To appreciate more precisely what the eclipse observations of UX UMa imply, it is useful to compare the data with the results of theoretical simulation. We begin this process by comparing our results on Crv 1550 Â with their theoretical counterparts calculated, in the first instance, using an analytically based radiation transfer method, exploiting the Sobolev approximation, that has been in existence for some years (analytic method; Drew 1987) . We compare the results with those obtained using a recently developed Monte Carlo technique (b) Seq 8: Hell numn iniimi which treats pure resonant-scattering exactly (Knigge, Woods & Drew 1995) . The key assumptions of the line profile synthesis are that (i) the outflow is along radial streamlines centred on the white dwarf, and (ii) the accretion disc is in a steady state, emitting blackbody radiation at temperatures obeying the standard prescription (e.g. as presented by Pringle 1981) . It is also supposed that the contribution to the radiation field at ~1549 À from the white dwarf or boundary layer is negligible (Drew 1987; Shlossman & Vitello 1993) . We adopt a white dwarf mass of 0.43 M 0 (Ritter 1990 ) and choose a ratio of secondary star radius to binary separation that is consistent with the measured UV eclipse width of A</> = 0.053 (see also Baptista et al. 1995) .
Synthetic line profiles, based on this specification and calculated using the method of Drew (1987) , have been compared against observation as follows. First, the binary inclination and mass accretion rate were varied until combinations were found that gave as good fits to the continuum eclipse light curve as could be achieved without abandoning the standard form of the disc temperature law. Then, holding the binary and accretion parameters fixed, a search was made for combinations of wind parameters that came closest to matching the amplitude of the observed Civ line flux eclipse light curve. This was followed by some adjustment of the model parameters to improve the agreement between the derived and observed out-of-eclipse line profiles.
A problem emerged at the outset in trying to match the UV continuum eclipse curve. We found it necessary to choose between (i) a lower mass accretion rate model (m = IxlO -8 M 0 yr -1 ), able to follow the sharp ingress and egress adequately, whilst undershooting the residual flux around mideclipse, and (ii) a higher accretion rate model (m = 4x 10 -8 M 0 yr -1 ) that matched the mid-eclipse flux, but underestimated the ingress/egress gradient. The light curve derived from the first of these is superposed on the mean observed light curve in Fig. 12(a) . Eclipse mapping (Baptista et al. 1995) shows this difficulty can be resolved if the disc temperature rises less steeply toward smaller radii in the inner disc than set out in the simple steady-state law. Analogous behaviour has been seen in other eclipsing nova-like systems (Rutten et al. 1992; Long 1993) . The remaining adjustable parameters control the properties of the synthesized line profile. These are the mass loss rate, the outflow bipolarity, and the disc continuum limb-darkening (bipolarity of the radiation field). The model mass loss rate has to be viewed as an estimate of the minimum feasible -it is converted into a scattering ion density under the assumptions that all carbon is ionized to C 3+ and that the carbon abundance is solar. The device used to specify the bipolarity of the outflow is modulation of the gas density as a function of polar angle 0 such that n(6, r) -n(0, r) cos^ 0 (/ ^ 0). The maximum wind speed was set at 2700 km s -1 to match roughly the maximum observed emission blueshift. It has been shown previously (Drew 1987; Mauche & Raymond 1987 ) that mass loss along radial streamlines is only compatible with the form of blueshifted absorption profiles seen in non-eclipsing systems if the acceleration is modest and continues to radii comparable with the disc radius. A linear velocity law consistent with this requirement was accordingly chosen and held fixed.
The observed mean Civ line flux light curve, shown in Fig. 12(b) , drops to a level no lower than about 0.8 of the out-of-eclipse flux level and peaks at ~ 1.2 times the same. To reproduce this, whilst avoiding a prominent blueshifted absorption component in the out-of-eclipse line profile, it was necessary to adopt a model with quite extreme outflow bipolarity (cf. the discussion of the IUE eclipse data in Drew 1987) . The most closely fitting line flux light curve, shown superimposed on the data in Fig. 12(b) , was achieved with / set to 7. In this geometry, the density along a 0 ~ 25° streamline is approximately half that along the rotation axis. The full specification of the model is given in Table 3 .
Limitations of the analytic method
In attempting to match the data, we have been forced toward highly focused outflow and a high effective mass loss rate. The line-forming region this implies is certain to be very optically thick. Is the method still sound in this circumstance? To answer this, the same calculations have been repeated using the exact Monte Carlo technique (Knigge et al. 1995) . The line flux light curve thus obtained is the third curve shown in Fig. 12(b) . Qualitatively it resembles the light curve obtained using the analytic method. This is important, as it reassures us that general conclusions regarding the suitability of the underlying model geometry may be drawn. However, quantitatively it is noticeably different.
To appreciate better the reason for the discrepancy between the two methods it is useful to consider the calculated line profiles themselves and compare both with observation (Fig. 13) . The analytic method yields a weaker emission line than the exact calculation. The reason for this is that, at very high optical depth, the approximate method underestimates the escape of multiply scattered photons. In this particular model the mean number of scatterings per photon appearing in the line profile is 17! Given this, application of the Sobolev approximation weights the emission of photons unduly toward Fig. 6 but with the mean spectrum during eclipse (Fig. 7) subtracted to show the evolution of the eclipsed components of the light more clearly.
greater height above the disc plane (i.e. in favour of the lower optical depth parts of the outflow). Yet, remarkably, the simpler, cheaper analytic method of line profile synthesis only underestimates the out-of-eclipse line flux by ~10 per cent in a case where multiple-scattering is so extreme. Around mideclipse the discrepancy is reduced to ~3 per cent because of the occultation of the inner flow. The blueshift of the profiles in Fig. 13(b) with respect to those in Fig. 13(c) is mainly an artefact of neglecting the Civ doublet splitting in the analytic method.
Implications
We now compare the generic features of the radial outflow model results with the observations and comment on what we regard as the significant similarities and differences. 
Rwd
It has been known from IUE observations that the Civ emission line persists throughout eclipse (Holm, Panek & Schiffer 1982; King et al. 1983) . This fact alone is evidence that it arises mainly from the wind. It is further substantiated by the appearance of the profile at mid-eclipse -a point that is underwritten by the common features of the approximate and exact calculations. If the line were due to the disc atmosphere, its profile averaged over a narrow phase range centred on mid-eclipse should be symmetric. In fact it is clearly asymmetric, exhibiting a skew very like that seen in the synthesized profiles (Fig. 13) . A further point of contact between observation and the modelled wind line profiles is the shift of the line centroid toward shorter wavelengths during mid-eclipse. Given the widespread occurrence of blueshifted absorption in low-inclination systems, it would be disturbing if these basic characteristics signalling outflow were not present.
Returning to the line flux light curves (Fig. 12b) , a clear difference between the detailed appearance of the observed Phase Phase Figure 11 . (a) Comparison of continuum and line flux eclipse profiles for Civ. The histogram is the continuum data from observing sequences 2, 4 and 6 normalized and co-added in phase bins of 0.0025 (no smoothing has been applied). The diamonds are the flux in the centre of the Civ line (1545-1553 Â) binned similarly, then inverted and normalized to match the depth of the continuum eclipse. This allows the shapes of the two curves to be compared (see text), (b) The mean continuum light curve from the top panel compared with the expected eclipse profile for a white dwarf alone (dash-dot line), a uniform brightness disc of radius four white dwarf radii (solid line), and a uniform brightness disc of radius eight white dwarf radii (dotted line). The binary parameters used are those listed in Table 3 . and synthesized curves is that the flux increase (decrease) at (j) ~ 0.97(0.03) is much sharper in the data than in the model. No amount of adjustment of the model parameters eliminates this discrepancy. In Fig. 11 it was shown that, through continuum eclipse, the observed shapes of the continuum and line-centre flux light curves are the same to within the errors. This may be seen as an indication that the projected geometry of the absorbing region closely parallels that of the background continuum source. In effect, the comparison with the model light curves shows that we cannot achieve such a close parallel within an outflow model based on radial streamlines. In the model the mid-eclipse flux increase is due to the occultation of absorption affecting the entire blue wing of the line. In the data it is due mainly to occultation of the centrally located doublet absorption.
A related issue is thus that a wind model involving radial outflow from the white dwarf fails to provide a counterpart to the distinct centrally located doublet absorption seen in the Figure 12 . A comparison between observed and model light curves. In the top panel, the mean continuum light curve in the vicinity of the Civ ¿1549 line (obtained by merging the light curves presented in Fig. 1 ) is compared with the light curve computed assuming a steady-state disc temperature profile. The model parameters used are given in Table 3 . This is accompanied in the lower panel by the mean Civ 1549-Â integrated flux light curve, also derived from the curves shown in Fig. 1 . Superimposed on this are the line flux light curves calculated using the analytic method (dashed line) and the Monte Carlo method (dotted line). The observed light curves are normalized to the mean level within the phase range 0.88-0.91. data. In principle, this may be cured by matching the outflow geometry to that of the continuum source as indicated by the form of the light curve: namely that of a wind streaming almost vertically away from the inner disc. Monte Carlo discwind line profile syntheses (Knigge et al. 1995 ) support this impression, but it remains to be shown that this can reproduce so little blueshifting of the central absorption dips.
It is thus not yet clear that the narrow absorption should be attributed to the wind. It could instead originate in the accretion disc photosphere or in material at large distances from the white dwarf unrelated to the main outflow. These both imply a separation between regions of formation of line emission and absorption. This changes the interpretation of the line flux light curve in that it must be seen instead as the superposition of a reversal due to occultation of the continuum source on a broad shallow eclipse of an emission line region. We can probably eliminate the inner disc photosphere as the wavelength (Â) Figure 13 . A comparison of observed pre-and mid-eclipse Civ ¿1549 line profiles with model line profiles. The observed, continuum-subtracted line profiles are shown in panel (a). The pre-eclipse data are the mean for phases 0.885-0.925, while the mid-eclipse data are the mean for phases 0.98-0.02 (both taken from sequences 2 and 4). Corresponding synthetic line profiles for the radial outflow model (see Table 3 ) calculated using the analytic method and by the Monte Carlo method are shown in panels (b) and (c) respectively. In all panels the out-of-eclipse profile is drawn with a solid line, and the mid-eclipse profile is the dashed line. The rest wavelengths of the Civ doublet components are marked in the upper panel.
cause of the absorption lines because they are observed to be narrow. A typical Keplerian velocity within a few white dwarf radii of the white dwarf in UX UMa is likely to be 2000 km s -1 or more, compared with the observed FWHM which is in the region of 400 km s -1 (Table 2) . This leaves as a possibility absorbing material at larger radii which may be travelling across the line of sight; evidence of such material has been noted previously in other systems (U Gem: Mason et al. 1988; OY Car: Horne et al. 1994) .
Leaving aside the question of the narrow absorption components, it would not be difficult to identify a bipolar outflow model that could fit the emission component alone (e.g. the model light curves in Drew 1987 , and also the results of the exact calculation shown in Fig. 12 and Fig. 13 ). If UX UMa's inner accretion disc were the seat of an outflow, we would expect to see evidence of a rotational component of motion in the data. We do -and the comparisons with the predictions of the pure radial outflow model help to bring this out. In Fig. 13 it is apparent that the red wing in the observed out-of-eclipse profile is much more prominent than in the radial outflow model results. This is to be expected if the observed profile arises from a rotating, as well as outflowing, medium. Presumably the blue wing of the observed profile is the outcome of a competition between emission due to rotational broadening and blueshifted absorption due to outflow. The featureless appearance of the blue wing eclipse light curve (Fig. 5) suggests that the balance between these competing effects is maintained throughout the eclipse. In the absence of superposed absorption, the red wing light curve does bear the expected signature of a rotational disturbance in reaching minimum flux after continuum mid-eclipse. The fact that the mid-eclipse form of the Civ 1550-Â profile more closely resembles radial outflow predictions suggests that the rotational component of motion diminishes relative to the outflow component with increasing height above the disc plane.
CONCLUDING REMARKS
The HST time-resolved UV spectroscopy of UX UMa presented here provides, as expected, a major advance in diagnostic capability compared to earlier eclipse-averaged, lowresolution data obtained with IUE. For the first time we have direct constraints on the size, structure and distribution of the wind which highlight deficiencies in our previous understanding of the phenomenon.
The observations also provide the first clear demonstration that Hen 1640 Â is mainly a wind-formed feature. Hints that this might be the case have come from IUE observations of non-eclipsing systems that have revealed examples of blueshifted absorption in this line (e.g. RW Sex: Greenstein & Oke 1982 ; RX And in outburst: Woods, Drew & Verbunt 1990) .
The unspoken consensus has been that optical hydrogen and helium line emission is mainly produced in the accretion discs of CVs. Set in this context, the negligible eclipse of Hen 1640 Â is a surprise perhaps. It is less surprising when note is taken of the reported details of optical hydrogen and helium line eclipses (e.g. Honeycutt, Schlegel & Kaitchuk 1986; Marsh & Horne 1990; Williams 1989) . Several instances are known of He n A46S6 eclipses that are shallower and narrower than can be consistent with origin in a Keplerian disc. It has also been noted that the observed rotation disturbances can fall well below expectation (SW Sex provides a good example of this, see Honeycutt et al. 1986 ) and that mid-eclipse line widths can be much greater than is plausible (Williams 1989) . Wind contamination is the likely culprit. Given that windformed He ii line emission is likely to be less opaque than that from a disc atmosphere, the effect this has on the line flux decrement can readily explain the greater role for the wind in the 1640-Â line as compared with the 4686-Â line.
Our preliminary comparison with models has shown (a) that spherically divergent outflow from the disc centre can never explain the observations in their entirety, and (b) that an outflow model rooting the wind in the inner disc may fit the main features of data. In support of this interpretation we find direct evidence for a rotational component in the occulted gas, in that the flux in the red wing of the Civ line reaches a minimum significantly after the mid-point of the continuum eclipse. A difficulty here, analogous to that encountered by Long (1993) in his FUV study of Z Cam, is the present inability to set a quantitative limit to the contaminating disc emission -given that most of the C iv emission is likely to be wind-produced.
On the other hand, the absence of significant eclipsing of the integrated C iv line flux noted from IUE observations has been shown to owe much to occultation of regions contributing net absorption to the line profile. The line-forming region certainly need not be comparable in size with the secondary star -it is sufficient that it be similar in scale to the UV continuum source. However, the majority of this absorption in C iv occurs in narrow line components at the rest wavelength of the doublet. This was not expected, and it is an open question whether this absorption can be accommodated as part of the wind, or whether it arises in a separate body of gas whose origin is so far unclear.
While it seems likely that the wind emanates from the inner disc rather than from the white dwarf itself, or a boundary layer, we certainly cannot tell yet whether there is outflow going on at all radii inward of ~4 white dwarf radii, say. In this regard future observations of the higher excitation N v 1240-Â line may prove instructive in defining the inward extension of the wind. Indeed it will be interesting to discover whether there are superposed absorption components in this line also. IUE observations suggest that eclipses of N v are deeper than those in Civ which may indicate that the wind is more centrally condensed when viewed in this line.
There remain characteristics of the observations that are presently beyond explanation. These include the behaviour of the Si ii line velocities, the difference in the appearance of the Civ line centre before and after eclipse, and the difference between the Civ profiles at orbital phase 0.9 and phase 0.6. More exact modelling of the wind may shed further light on some of these phenomena, although it is certain that further observations will also be required to define them better (e.g. the behaviour of the Si n lines).
